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Airway disorders and pulmonary function
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The aim of our study was to determine the relationship between snoring, airway disorders and pulmonary function in
the general population. We performed a stratified random sampling from the population (n=92364). Four hundred
subjects agreed to participate and were invited to the clinic, where a detailed medical history, physical examination,
spirometric test and maximal respiratory pressures measurements were carried out. Snoring was reported by 152
subjects (38%). Nasal obstruction and the presence of abnormal pharynx exploration were more frequent in subjects
with snoring. Age, body mass index and neck circumference were significantly higher in the snorer group. In addition,
we found that the non-snoring group had a significantly higher frequency of tonsillectomy during infancy and
adolescence than the snorer group. We did not detect any significant dierence in spirometric test values or in
maximal respiratory pressure values between snorer group and non-snorer group. In conclusion, in the general
population snoring is associated with nasal obstruction and abnormal pharynx exploration. Furthermore, snoring
appears not to be associated with modifications in spirometric or in maximal respiratory pressure tests.
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Snoring is a noise produced by vibrations of the soft palate
and the posterior facial pillars during sleep (1). A number of
clinical and population studies have suggested that snoring is
associated with cardiovascular disease (2–6). The cause of
these disease associations remains to be explained. While
abnormal breathing during sleep may cause cardiovascular
disease, they may also be due to confounding factors, e.g.,
body mass index (BMI), smoking and alcohol consumption
(7). In addition, it is known that snoring is a major symptom
of sleep apnoea syndrome (SAS), probably a marker of its
pre-apneic stage or simply an entity in itself (8).
Normally, snoring produces a respiratory work load that
has only minor eects on alveolar ventilation. However, in
some pulmonary pathological conditions characterized by
an already precarious ventilatory balance, snoring may cause
dramatic impairment (1,9). Furthermore, cigarette smoking
and obesity has been associated with snoring (10). SmokingReceived 13 July 1999 and accepted in revised form 4 January 2000.
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0954-6111/00/090835+06 $35?00/0frequently results in a chronic productive cough (11) and
smokers often have evidence of upper airway inflammation
(10). It is also known that obese men may have a higher
resistance to airflow in the upper airway (12). These
observations suggest that cigarette smoking and obesity are
factors which may compromise the patency of the upper
airway during sleep and could be associated with a higher
prevalence of snoring and airway disorders. By this, the
association of snoring with respiratory disorders could be by
itself or by confounding factors.
To the best of our knowledge, there are few published
studies in the literature about the relationship between
snoring and airway disorders in general population (13–15).
In these studies snoring is not studied in relation to
spirometric values or they do not include maximal respira-
tory pressure tests. The aim of our study was to determine
the relationship between snoring, airway disorders and
pulmonary function in a sample of a general population.
Subjects and methods
The study was carried out in Santiago de Compostela, a city
in the north-west of Spain, which has a population of
92 364 residents. Subjects were recruited using the electoral# 2000 HARCOURT PUBLISHERS LTD
TABLE 1. Subjects selection (age distribution of the population, random sample, responders in the first (questionnaire) and
second stages (hospital consultation))
Age groups Population Sample Stage I (%) Stage II (%)
20–29 16660 749 293 (391) 62 (212)
30–39 14529 708 314 (443) 71 (226)
40–49 12612 723 310 (429) 90 (291)
50–59 9012 739 295 (399) 123 (417)
60–70 8122 674 344 (481) 111 (323)
836 C. ZAMARRO´N ET AL.census for the district of Santiago. Subjects aged 20–70
years were stratified by age in 10-year groups (20–29, 30–39,
etc.). A random sample of an equal number of subjects in
each group received a mailed invitation to participate. Of
the 3593 invitations sent, 587 (163%) letters were returned
unread, having been addressed wrongly. Our sample group
therefore, consisted of 3006 participants. One thousand and
fifty-six (51.8%) letters were returned. The distribution
pattern is described in the Table 1.
STUDY PROCEDURES
The study was conducted in two stages. With the purpose of
foolproofing our survey questionnaires, 50 subjects were
picked at random and given a medical examination. Using
this method we evaluated possible problems the survey
could pose.
In the first stage, standard structured questionnaires were
sent by post with 26 questions asking for anthropometric
details, tobacco consumption, pulmonary illnesses, pre-
sence of snoring and whether prescribed or non-prescribed
medications were being taken. The process of sending the
questionnaires was repeated up to three times in cases
where answers were not provided. No significant dierences
in age or gender were found between respondents and non-
respondents. Also, visits to the homes of 100 non-
respondents were made in order to evaluate the reason
for non-compliance.
In the second stage, a sample of 457 subjects came to the
hospital for consultation, during which the presence of their
partner or spouse was required. We took a complete
medical history, performed a general physical examination
and completed a sleep structured questionnaire with 112
items. The questionnaire, which was composed mainly of
questions (82%) with only two possible answers, were
completed. In this second stage, no significant dierences in
age or gender were found between those who came for the
consultation and those who did not. Those who reported
snoring often or almost always (3 or more days per week)
were considered to be snorers; the rest as non-snorers.
Current smokers were identified as those answering ‘yes’ to
the question ‘Do you smoke?’. A kappa agreement index
>075 from the test carried out in the postal survey and
from the personal interview test in the hospital was
obtained, and the variables above mentioned.
The questionnaire also asked whether chronic obstructive
pulmonary disease (COPD) or asthma had been diagnosedby a doctor and/or current medication have been pre-
scribed. We also asked whether the subject had undergone
tonsillectomy at some earlier time (infancy or adolescence)
or if they had nasal obstruction. People with this symptom
were identified as those answering ‘yes’ to the question
‘Have you had any nasal congestion, stuness, discharge
and blockage several times a month?’. After completing the
questionnaire, a physical examination was performed
checking height, weight, neck circumference, and a clinical
examination, and including an upper airway exploration.
Body mass index (BMI) was calculated using the formula
(weight height72). The neck circumference (NC) was
measured at the level of the cricothyroid membrane,
relating it to height (16). The pharynx was examined and
the result recorded as ‘normal’ or ‘abnormal’ following the
criteria of Vinner (17). Pharyngeal examination was strictly
subjective and considered to be abnormal if the pharynx
appeared narrow and small, or if the uvula was bulky, long,
and rested on the base of the tongue during phonation, or if
the tonsils were large enough to compromise the phar-
yngeal orifice (17). The first 30 patients were jointly
examined by two doctors (CZ and JMA), who later
examined the rest of the sample, individually and in equal
proportions. The intra-observer agreement was satisfactory
(kappa index >07). Forced vital capacity (FVC) and
forced expiratory volume in 1 sec (FEV1) were performed
according to standard recommendations (18). The maximal
inspiratory pressure (PImax) and maximal expiratory pres-
sure (PEmax) at the mouth were measured without a nose
clip and with the subject seated. PImax was measured at
residual volume after maximal expiration and PEmax at total
lung capacity after maximal inspiration. The manoeuvre
was repeated three times and until two almost identical
readings (variability5%) were obtained. An interval of
about 1 min occurred between these eorts (19).
Fifty-seven subjects were excluded from the analysis due
to non-collaboration in spirometric test. The review board
on human studies at our institution approved the experi-
mental protocol, and each patient gave his or her informed
consent to participate in the study.
DATA ANALYSIS
Data are expressed as meansSD. Association between
each of the study variables and snoring status was tested
using the Student’s t-test, the Wilcoxon rank sum test for
continuous variables, the Fisher’s exact test and w2-test of
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potential confounding variables was assessed by a multiple
logistic regression model. Estimated relative risks and 95%
confidence intervals were calculated from the coecients.
Results
A sample of 457 subjects came to the hospital for
consultation. Fifty-seven subjects were excluded from the
analysis due to non-collaboration in spirometric test. Four
hundred subjects were studied. Snoring was reported by 152
subjects (38%). The clinical characteristics of snorers areTABLE 2. Clinical characteristics of snoring and non-snoring gr
percentages)
Snorers
(n=152)
Age (years) 533120
Male gender, % 85 (559)
Tobacco consumption*, % 71 (467)
BMI (Kgm72) 27.639
NC (cm) 39.240
NC/Height,% 23.923
Nasal obstruction,% 41 (270)
Heartburn,% 45 (296)
Asthma,% 12 (79)
COPD,% 26 (171)
Earlier tonsillectomy,% 18 (118)
Narrow pharynx,% 52 (342)
Long uvula,% 49 (322)
Large tonsils,% 22 (145)
* >1 cigarette day71; NS: non-significant; BML: body mass in
COPD: chronic obstructive pulmonary disease.
TABLE 3. Spirometric test and maximal respiratory pressure va
expressed as meanstandard deviation)
Snorers
(n=152)
PImax(cmH2O) 861308
PImax(% predicted) 1093370
PEmax (cmH2O) 952399
PEmax (% predicted) 849266
FVC (l) 3510
FVC (% predicted) 1015195
FEV1(l seg
-1) 2908
FEV1 (% predicted) 1015236
FEV1/FVC (%) 832104
MEF 25–75% (L) 3018
MEF 25–75% (% predicted) 794471
PImax: Maximal inspiratory pressure; PEmax: maximal inspirato
FEV1: forced expiratory volume in 1 sec; MEF 25–75% : forcedshown in Table 2. Male gender, tobacco consumption,
nasal obstruction history, heartburn and COPD were
significantly more frequent in subjects who snored. In
addition, we found that the non-snoring group had a
significantly higher frequency of tonsillectomy during
infancy and adolescence than the snorer group.
Snorer subjects were significantly older, had higher BMI,
NC and NC/height than in the non-snorer group.
Furthermore, 77 subjects with snoring (506%) presented
with an any abnormal pharyngeal examination, while only
64 (258%) in the non-snoring group did so.
Lung function test values are shown in Table 3. We did
not observe any dierences in spirometric and maximaloup (data are expressed as meanstandard deviation and
Non-snorers P-value
(n=248)
500133 0011
109 (439) 0023
93 (375) 0070
26038 0000
38136 0010
23421 0023
41 (165) 0012
51 (206) 0039
17 (68) 0696
25 (101) 0045
57 (229) 0006
46 (185) 0001
32 (129) 0000
9 (36) 0000
dex; NC: neck circumference;
lues to compare snoring with non-snoring group (data are
Non-snorers P-value
(n=248)
837311 NS
1047336 NS
940339 NS
864323 NS
3410 NS
981189 NS
3009 NS
1055216 NS
86197 0007
3113 NS
853513 NS
ry pressure; FVC: forced vital capacity;
mid-expiratory flow.
TABLE 4. Clinical characteristics that showed association with snoring in the regression model
B SE Odds ratio 95% CI P
Earlier tonsillectomy,% 705156 0310 060 032–109 0090
Age, years 0021 0009 102 100–104 0027
Nasal obstruction, % 058 0271 178 104–304 0032
BMI, Kgm72 0061 0305 106 100–112 0044
Long uvula, % 0891 0278 243 141–420 0014
Tobacco consumption* 0527 0236 185 116–295 0016
Large tonsils,% 1053 0439 286 121–678 0016
Constant 7245 093
1 cigarette day71; BMI: Body mass index*; 95% CI: confidence interval 95%.
838 C. ZAMARRO´N ET AL.respiratory pressure values between the snoring and non-
snoring groups, with the exception of Tienau index.
Excluding the patients with COPD, the meanSD of this
index in the snoring group was (8588 ) and in the non-
snoring group was (86495). (P=NS).
Using multiple logistic regression, we found that age,
nasal obstruction history, BMI, tobacco consumption and
abnormal pharyngeal exploration are associated with
snoring (Table 4).
Discussion
In this study we show that snoring is associated with
airways disorders in a general population. Snoring was
found to be associated with history of nasal obstruction
(20), COPD and abnormal pharyngeal examination. In
addition, non-snoring appears to be associated with early
tonsillectomy.
Patients with pulmonary disorders (such as COPD),
neurological, neuromuscular or thoracic cage disorders
may be associated with sleep related respiratory insu-
ciency due to varying combinations of an inadequate
respiratory drive and an increase in the work of breathing
(21). Sleep related inspiratory and expiratory flow limita-
tion had been reported in snorers and obstructive sleep
apnoea patients (22). Likewise, in some disorders the
snoring could produce an increase in respiratory work
loading and impairment (1,9). However, in our study, we
did not find any significant dierence in the spirometric and
maximal respiratory pressure tests between the snoring and
non-snoring groups.
Several studies have shown that snoring is associated
with tobacco consumption and that snoring increases with
age and is more common in men and obese subjects
(8,13,23). A similar pattern has been noted by our study.
Nasal obstruction has been mentioned frequently as a
potential aetiological factor for snoring and SAS (20,24) or
a co-factor of obstruction during sleep (25). In some series,
43% of the patients with nasal obstruction have breathing
disorders during the night and 65% have snoring (26). In
our study, 27% of the snoring group have nasal obstruction
history with respect to 16% of the non-snoring group. The
biological basis for nasal obstruction as a cause of snoringlies in the eect of nasal breathing on resistance and flow
velocity, which aects the pressure dierential between the
atmosphere and the intrathoracic space (20). Partial or
complete obstruction can occur when the intrathoracic
negative pressure generated by the inspiratory muscles
pulling on the compliant soft tissue in the upper airway,
sucking the airway closed. However, nasal obstruction does
not cause snoring in everyone; there is considerable
individual variability in response to partial or total nasal
airway obstruction (24). In a study (27), history of nasal
obstruction was associated with habitual snoring but was
not related to the frequency of desaturation events during
sleep.
It has been reported that patients with snoring or SAS
often have heartburn. Heartburn in these subject groups
may occur as a result of high negative intrathoracic
pressures being generated against a closed upper airway
during periods of obstruction (28). In addition, in some
patients gastroesophageal reflux could act as a chemical
stimulus to induce apnoea through its eects on laryngeal
aerents (29).
Patients with COPD have a higher prevalence of sleep
complaints that the rest of sample population (15,30–32)
and respiratory symptoms are more predictive of sleep
disturbances than either specific diagnoses of respiratory
diseases or level of pulmonary function (14). It is now
recognized that SAS is a relatively frequent disease between
50 and 70 years (33). Since COPD is rather common
disease, the coincidence of COPD and SAS is likely to occur
in some patients. In our study, we have found association
between snoring and COPD. In Chaouat’s study, this
airway disease is observed in more than 10% of SAS
patients (34). As a consequence, the authors suggest that
the presence of COPD must be systematically investigated
in SAS patients by appropriate spirometric and airflow
measurements. Patients with this association have a
markedly increased risk of developing respiratory insu-
ciency and cor pulmonale as compared with other SAS
patients.
While there is evidence that tonsillectomy is eective in
relieving snoring in children (35), there is little information
concerning the long-term eects of tonsillectomy on
subsequent snoring. In a recent study, Tzifa et al. (36)
suggest that individuals who had undergone tonsillectomy
AIRWAY DISORDERS AND PULMONARY FUNCTION IN SNORERS 839some time earlier had the same likelihood of suering from
snoring as did subjects who had not undergone the
operation. Our results suggest the opposite, as we found
that subjects who had undergone tonsillectomy during
infancy and adolescence showed a significantly lesser degree
of snoring prevalence. This may have been due to
dierences in subject sampling methods; while Tzifa et al.
(36) studied a clinical sample we studied a general
population sample.
Abnormal pharyngeal examination has been shown to
have a strong association with SAS (16,37). Interestingly,
collapsibility of the retropalatal and retroglossal segments
significantly increased in children with SAS, compared with
the normal subjects (38). We have also found a significant
association between the presence of abnormal pharyngeal
examination and snoring. This result is coherent with
observations of the pharynx as the predominant site of the
obstruction leading to snoring (39–41).
In conclusion, in a general population, snoring is
associated with upper airways disorders: nasal obstruction,
large tonsils and large uvula. Age, BMI and tobacco
consumption were the independent variables associated
with snoring. In addition, these subjects do not have an
abnormal lung function test.
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